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1. Introduction 
The Italian pharmaceutical company Lepetit has 
recently found a place in the hearts of biologists, 
partly by their discovery and development of rifamy- 
tin and such agents, and partly by their sponsorship 
of a series of colloquia which have already become 
notable additions to the international conference 
circuit. This year, for the third colloquium, the 
topic was “Cell Interactions”. Three main topics 
were dealt with by appropriate experts on successive 
days: what does “cell interaction” (or, perhaps, 
“cell specificity”) mean to the neurobiologist, the 
immunologist and the developmental biologist, 
respectively? Can any common ground be found 
between specialists in these disciplines, all of which 
are on the most exciting and most rapidly advancing 
frontiers of modern biology? Neurobiology, immun- 
ology and developmental biology have of course each 
a long and distinguished history, and have developed 
their own particular techniques and indeed languages. 
Lest it be thought that the idea of Lepetit was to 
organize a contemporary reconstruction of the Tower 
of Babel, some preamble is perhaps necessary. 
The complexity of the nervous system has tra- 
ditionally been thought most explicable if cells devel- 
op interactions through special surface structures in 
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contact between functionally communicating cells, and 
across which transmitters can diffuse. Immunologists, 
although brought up to think of specificity in another 
sense, have recently been stimulated by the suggestion 
that lymphocytes may make some rather similar sort 
of contact with each other. Cooperation does occur 
between cells from populations of bone-marrow de- 
rived and thymus derived lymphocytes driving the 
antibody response. Connections may not have been 
seen, but immunologists are already thinking in terms 
of how such cases of cell interaction should best be 
analysed, that is whether as a fixed, but transient, 
close contact, or rather in terms of short-range diffus- 
ible factors. The same sort of problem is encountered 
by embryologists, who have long been aware that 
cells can recognize each other, and can adhere to each 
other in an appropriate manner, but have recently 
been struck by a spate of evidence suggesting that the 
way a cell recognizes its position, and responds accord- 
ingly, is often readily interpreted in terms of gradients 
of diffusible factors. It was to bring together these 
various specialists, with their common problem in 
assessing the balance between the importance of cell 
surface structures and soluble factors in cell inter- 
actions, that the meeting was called. Each of the groups 
of specialists concerned brought rather different 
approaches to this problem of cell specificity, but 
they were there in the hope that some kind of syn- 
ergism between their efforts could be found. 
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2. Neurobiology 
R.L. Sidman (Harvard) began the colloquium by 
reviewing some experimental approaches to the ont- 
ogeny of cell interactions in the rodent central nervous 
system. Most of these studies used mutations which 
gave particular lesions in the brain. in rats homozy- 
gous for retinal degeneration, development begins 
well, but subsequently extra whorls of larnellar 
material accumulate between the rod outer segments 
and the pigment epithelium and eventually the photo- 
receptors break up. The pattern of protein synthesis 
was distorted. A separate genetic locus influences 
the rate at which the disease progresses. A second 
case concerns staggerer mice, which possess a cere- 
beliar defect in which granule and Purkinje cells fail 
to form all their normal synapses. Analysis of this 
and similar cerebellar mutants gave some general 
conclusions about Purkinje-granule cell interrela- 
tions: the general form of Purkinje cells is indepen- 
dent of granule cell input, but granule cells degenerate 
unless they form enough of their target synaptic con- 
tacts. In a third type of mutation (reeler), neurones 
in the cortex formed normally, but distributed them- 
selves in an unusual, perhaps inverted, fashion. 
A separate avenue to the specificity of nerve cell 
contacts is afforded by dissociation-reaggregation 
studies of cells from embryonic brain. Great speci- 
ficity of pattern was shown by the reaggregated cells 
and Sidman suggested that here was a case suitable 
for the immunological analysis of surface architecture. 
S.W. Kuffler (Harvard) listed the features required 
of a manageable system for the study of nerve-nerve 
synapses and suggested that the parasympathetic 
axons in the interatrial septum of the frog best met 
these requirements. The vagus input displays a num- 
ber of varicosities (which are equivalent to acetyl 
choline releasing boutons) on a cell body which dis- 
tributes to heart muscle, and the preparation is amen- 
able to neurophysiological and developmental studies. 
After vagotomy, chemosensitivity spreads over the 
surface of the parasympathetic ells as it does in a 
denervated muscle; if re-innervated, there is again 
localization of transmitter reception. During devel- 
opment, an increasing number of receptor sites 
appear. In many ways, the autonomic nervous system 
seems to make a suitable bridge between the refined 
studies that have been carried out on the neuromus- 
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cular junction and the less accessible material of the 
central nervous system. 
The development of retino-tectal connections in 
Xenopus has been extensively investigated by R.M. 
Gaze (Mill Hill, London). Embryos were given pulses 
of H3 -thymidine, and autoradiography showed that 
the retina grew by the division of cells at the ciliary 
margin, so that the oldest part of the retina is that 
near the optic nerve. At an early age, when only a few 
ganglia are present, the polarity of the eye becomes 
fixed. While the retina grows, the tectum correspond- 
ingly develops: in amphibia the eye must be present 
for it to form. The centre of the tectum forms first, 
after it the rostroventral portion and later the caudal 
section. The geometry of the connections formed 
between the retina and the tectum is not easy to ex- 
plain, and it was interesting to note that Gaze, who 
some years ago had thought of the biochemical basis 
of the specificity of retino-tectal connections in 
terms of chemoaffinity of nerve endings, now is 
more sympathetic to interpretations in terms of gra- 
dients of diffusible factors. 
For some years S. Benzer (Pasadena) has favoured 
a genetic approach to the problem of the wiring-up 
of the nervous system. By elegant techniques he has 
constructed Drosophila stocks with neurological 
defects and he wittily described his work. A number 
of mutants have been isolated which show abnormal 
behaviour ranging from aberrant phototaxis to drop 
ping dead suddenly. It was possible in many cases to 
interpret these defects in embryological terms, that 
is to relate the lesion back to particular areas of the 
insect blastoderm. By using mosaics, it is possible to 
derive general rules of development, and to make 
blastoderm maps rather as chromosome maps are 
made by following recombination, Such mapping 
Benzer measures in ‘sturts’, after A.H. Sturtevant, 
and its accuracy depends on three ‘mosaic laws’: 
random spindle orientation at the first mitotic di- 
vision, cells staying clustered together after sub- 
sequent divisions, and the fate of a cell being de- 
pendent on its position in the blastoderm. 
In the subsequent discussion, S. Brenner (Molec- 
ular Biology, Cambridge) began with a caution that 
the geneticist was unlikely to favour a one-gene 
one-synapse interpretation of the nervous system, 
at least in vertebrates. G.A. Horridge (Canberra) 
suggested that complexity, rather than taxonomic 
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differences, might be the controlling factor, and 
C. Levinthal (New York) quickly pointed out that 
the simplest nervous systems, such as those of roti- 
fers, with only about 200 nerve cells and an easily 
recognizable bilateral symmetry, might be most 
amenable to analysis. D.H. Hubel (Harvard) de- 
scribed a special case of malfunction in the forma- 
tion of nervous links: the central visual connections 
of Siamese cats, where fibres from the same parts 
of the visual field cannot pass up as they would in 
other cats, but must project elsewhere. They connect, 
however, as they would if on their own side of the 
brain. The genetic basis is uncertain, but probably in- 
volves more than one gene. This led to a considera- 
tion of the accuracy of neuronal connections, 
started by J.G. Nicholls (Harvard) on the regenera- 
tion of the metameric ganglia in leeches. His sectiorr 
and-regenerate xperiments showed that reconnection 
was highly specific in that few errors occurred, but 
was difficult to interpret in that the leeches might 
have an altered excitation/inhibition balance through- 
out the nervous system to accommodate the effects 
of the lesion. G. Burnstock (Melbourne) had used 
tissue culture techniques to investigate the interac- 
tion of autonomic nerves and smooth muscle, and 
suggested that the organization of muscle bundles 
occurred independantly of innervation, and that 
the neuro-muscular junction formed from two sep- 
arately determined components. 
A.C. Allison (Harrow, England) made perhaps 
the first attempt of the meeting to draw together 
the several disciplines represented, by suggesting an 
analogy between synapse capture and lymphocyte 
capping. Perhaps, if receptors float in a membrane 
bilayer, they can be concentrated by processes rang- 
ing from the interaction of bivalent reactants to 
stabilization by formation of synaptic bridges. 
3. Immunology 
G.M. Edelman (New York) reviewed the com- 
mon ground between genetic and structural studies 
of the immunoglobulins. Comparison of amino acid 
sequences hows that each chain comprises both 
highly variable and relatively constant regions, the 
variable parts corresponding to antigen recognition 
sites and the constant to certain effector functions. 
How this variability is introduced is unknown, but 
there is the interesting likelihood that unusual genetic 
mechanisms are involved. To specify antibody synthe- 
sis, translocation may be required to maintain colin- 
earity by bringing together one of the many genes 
for the variable portion and one of the at most two 
genes for the constant fragment. Homology studies 
suggest hat successive duplication of two genes has 
occurred during evolution of immunoglobulin 
structure. 
Edehnan has also developed an ingenious technique 
for separate cells which show different antigen recep 
tors on their surfaces. Nylon fibres are coated with 
antigen so that cells which possess appropriate re- 
ceptors will adhere. By varying the density of a ma- 
terial such as concanavalin A on the fibre, it is possible 
to select for cells with particular densities of recep- 
tor. Cells can be removed by simply plucking a taut 
fibre. 
Recent work suggest hat for an immune response 
to antigen to occur, two types of lymphocytes must 
cooperate. G.T.V. Nossal (Melbourne) discussed dif- 
ferences between the surfaces of these types, and 
showed that B (for bone marrow-derived) cells in- 
cluded y chains amongst their surface globulins, while 
T (for thymus-derived) cells did not, and the immuno- 
globulin chain types they did possess were both fewer 
and less metabolically active than those on B cells. 
Nossal suggested that T cells secreted various factors 
which stimulated B cells and that these factors included 
both antigen-specific and antigen-nonspecific agents. 
In an in vitro system, it was possible to get some re- 
sponse across a millipore membrane, on one side of 
which was a population of T cells and on the other a 
mixture of B cells and macrophages, suggesting that in 
cooperation in the immune response system direct 
cell contact between T and B cells may not be neces- 
sary, although it still might be between macrophages 
and B cells. G. Doria (Rome) also favoured a role for 
diffusible factors in lymphocyte cooperation, on the 
basis of some work in which he found an enhance- 
ment of the immune response by B cells when they 
were given a cell-free medium in which thymocytes 
had been grown. T. Mandel (Melbourne) had studied 
the differentiation of embryonic thymus in vitro, and 
obtained evidence that the younger cultures produced 
a soluble factor which promoted antibody response 
by spleen cells from neonatally thymectomized mice. 
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N.A. Mitchison (London), however, preferred 
direct attachment between T and B cells. Whereas 
B cells are secretors of antibody, the role of T cells 
is more difficult to determine. They could act by 
presenting antigen to B cells in a more concentrated 
form, antigen perhaps bridging between the two cell 
types. Irradiated animals were supplied with an 
adoptive immune response by injection of two lym- 
phocyte populations, one from an animal immunized 
against a carrier protein, and another from an animal 
immunized against carrier and hapten. Immunity 
against both carrier and hapten was required for maxi- 
mum secondary anti-hapten response. If a different 
carrier was substituted, secondary stimulation was 
not effective, while carrier and hapten must be linked, 
which may be taken as evidence in favour of direct 
bridges forming. Bridges between T and B cells could 
enhance the response in a number of ways, ranging 
from aiding the diffusion of factors to bringing low- 
affinity receptors into play or encouraging surface 
changes. Cell cooperation also seems to be involved 
in some cases of immune response suppression. 
Mitchison concluded with a suggestion that inter- 
cellular bridging might be important in some other 
circumstances, ranging from mast cell triggering to syn- 
apse facilitation. 
B. Anderson (Stockholm) reported detailed in- 
vestigations of events on the B cell surface during 
the immune response. Cells were fractionated on a 
column of glass beads coated with antigen, separa- 
tion being according to the affinity of their surface 
immunoglobulin to antigen. Clones were isolated 
which were markedly homogeneous with respect 
to affinity. N.K. Jerne (Basel) presented quantitative 
estimations of various parameters, with emphasis on 
the impressive range of antigen determinants which 
can be dealt with by the immunological repertoire. 
The sheer numbers involved argue in favour of some 
kind of somatic gene modification during ontogeny. 
Dynamic activity of B lymphocyte surface anti- 
gens and receptors was discussed by M.C. Raff and 
S. de Petris (London). Multivalent antibody reacting 
with the cell surface can be shown to cause an active 
redistribution of the antigen: when fluorescent anti- 
body is used, staining is at first diffuse, then gathers 
into patches and finally into a single cap, which may 
be taken in by pinocytosis. The process may be use- 
ful in explaining antigenic modulation in which sur- 
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face markers can be lost, and suggests mechanisms 
in a number of other cases in which cell surface 
patterning or recombination is involved, from cell 
locomotion to the fixation of cell contacts. 
4. Developmental biology 
In the embryological section, the contrast was 
most marked between those who were concerned 
with specific cell contacts and those who preferred 
to interpret their results in terms of gradients of 
diffusible substances. A.A. Moscona (Chicago) re- 
viewed his studies on the reaggregation of separated 
cells, and showed how the specificity of cell recog- 
nition and adherence can be demonstrated at both 
a histological-type and a species-type level. In the 
case when cells dissociated from different sponges 
were reaggregated, cells stuck to members of their 
own species; when cells from tissues of various verte- 
brates were mixed, adherence was by tissue type 
rather than by species. This effect was prevented by 
various standard inhibitors of macromolecular biosyn- 
thesis, and Moscona concluded that reaggregation 
depended on the reformation of specific intercellular 
ligands which had been destroyed in the preliminary 
stage of separating the cells by trypsin. Moscona 
summarized evidence for his theory that this inter- 
cellular cement consisted of glycoprotein. In a sub- 
sequent annotation T. Humphreys (La Jolla) dis- 
cussed his evidence that the sponge reaggregation 
factor was an annular structure with radiating limbs, 
comprising both protein and polysaccharide and for- 
ming a unit with a molecular weight of about 2 X 10’ 
The concept of specificity was brought straight 
to the level of the cell surface by D. Bennett and her 
colleagues (New York). She advocated an immuno- 
genetic approach to the question of cell interactions 
during morphogenesis. Natural polymorphisms of 
cell surface antigens are well known; she pointed out 
that although in most cases the function of such sub- 
stances is unknown, there are indications that they 
may be involved in morphogenetic interactions. In 
particular, the antigens determined by the T-locus 
of the mouse were-discussed, and especially the ex- 
citing possibility that here the effector of certain 
major developmental events may be seen. 
D. Yaffe (now at M.I.T.) reviewed his work, and 
Volume 20, number 3 FEBS LETTERS February 1972 
that of his colleagues at the Weizmamr Institute, on 
embryonic muscle development. Myotubes are 
formed by the union of myoblasts, but this fusion is 
controlled by a predetermined clock that is the sub- 
ject of Yaffe’s analysis. The natural history of the 
system was described, in terms of cell density, cell 
age and medium composition, and this information 
exploited to find the time-course of ‘determination’ 
in the embryological sense: cehs in S-phase seemed to 
be receptive to the fusion signal, thence there was a 
susceptibility to actinomycin D until about 6 hr 
before the event and finally a superinduction of cer- 
tain enzymes during the fusion phase. All this later 
provided suitable material for those who wished to 
discuss the meaning of terms like ‘determination’. 
P.A. Lawrence (Cambridge) justified much of the 
impetus for the recent resurrection of gradient theo- 
ries in embryology. Work was described on cell 
position and response in a simple model system, the 
cuticle of abdominal segments of the insects Rhodnius 
and Oncopeltus. The cuticle is secreted by a single 
layer of cells, and contains structures which indicate 
polarity. Lawrence and others have performed ex- 
periments in which patches of cells are changed in 
position, by, for example, rotation of a square of 
integument, and the arrangement of cuticular struc- 
tures observed after the next moult. Patterns pro- 
duced can be interpreted in terms of a concentra- 
tion gradient of a diffusible substance from a source 
to a sink within each segment, and the reaction of 
the cells to the amount of hypothetical diffusible 
substance which reaches them. Thus cells are pos- 
tulated to sense where they are by their positions on 
a gradient. 
The final bout for exhausted delegates was a dis- 
cussion on the developmental biology papers, firmly 
controlled by S. Brenner (Cambridge). The chairman 
pointed out the dichotomy between those who saw 
morphogenesis in terms of specific surface receptors 
on cells, and those who preferred to interpret their 
results in terms of gradients of soluble factors. Among 
the latter were A. Robertson and M.H. Cohen (Chica- 
go) who have been studying the aggregation of slime 
moulds. Their films showed a regular pulsation of 
the aggregating amoebae; in experiments a micro- 
pipette was used to add quanta of cyclic AMP at 
standard intervals, and waves of responding cells 
then formed around this pipette if the frequency 
of injection was suitable. Patterns of wave formation 
were interpreted in terms of every amoeba receiving 
its signal anteriorly, responding by moving and by re- 
laying the signal posteriorly. L. Wolpert (London) 
supported gradient theories further with his analysis 
of regeneration in Hydra, giving further evidence that 
the positional information required by ceils was pro- 
vided by concentration gradients. Various speakers 
stressed the time element in determination of the 
response to positional information. 
The discussion of diffusible factors was brought 
back to the level of the cell surface by a discussion of 
cell communication by W.R. Loewenstein (Miami). 
When cells come together, regions of membrane con- 
tact may form, allowing diffusion of materials 
between the cells concerned. J.D. Pitts (Glasgow) dis- 
cussed a case where this showed practical effects. 
Tissue culture cell lines which are unable to use 
particular nucleotide precursors were shown to be 
able to form nucleic acids when in contact with wild- 
type cells. It was shown that this effect was due to 
transfer of nucleotides, not enzyme, and it seemed 
that the transfer occurred through junctional con- 
tacts of the type described by Loewenstein. 
One of the most striking contributions was kept 
to the very end. The speaker was S. Ohno (Duarte, 
California) who proposed a highly original scheme 
for regulation of the manifestation of the male geno- 
type in mammals. Ohno regards male as the induced 
sex, female as the non-induced sex. From his studies 
of Tfm (testicular feminization) an X-linked muta- 
tion in the mouse, he suggests that this locus normally 
specifies a protein which can react with testosterone, 
and if so bound, moves from the cytoplasm to the 
nucleus, activates RNA polymerase and so induces 
hypertrophy. 
5. In conclusion 
Each of the several fields of study here had its 
own triumphs to support it, but each had problems 
still to solve. Within every general topic the virtues 
of different approaches were expounded by different 
speakers; in some cases, these studies were compatible 
and complementary, in others, it was harder to re- 
concile the various data gained. In only rare instances 
was any kind of molecular interpretation possible, and 
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perhaps biochemists should regard the subjects 
covered as fields for further discussion, speculation 
and research than for material to be added to their 
body of established fact. Despite the distinguished 
array of molecular geneticists and biophysicists 
present, the language of the histologist was more 
heard than that of the molecular bioiogist: only in 
the last moments of the meeting did a speaker have 
the courage to use in earnest words like ‘transcription’ 
or ‘repressor’. 
To write this is in no way to criticise the choice 
of speakers or the organisers of the colloquium. An 
adventurous subject was chosen, and an ambitious 
programme arranged, but only occasionally was syn- 
ergism now possible between the specialists in 
different fields, and often the workshops were too 
crowded to search for it. At the moment, it is per- 
haps the time to think and discuss, rather than to 
establish theories of more than specialized cases of 
cell interaction. In a few years, perhaps, it will be 
another matter. The meeting was successful, with 
an array of stimulating material, lavish hospitality 
and easy social contact, for which we should be 
grateful to Professor L. Silvestri of Lepetit, as we 
should for his foresight in choosing a topic which 
looks ahead rather than back. 
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